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PURPOSE OF THIS REPORT 


Because the cutting and polishing of stones are parts of the work of 
the Bureau of Mines in its study of rocks and minerals and in the determina 
tion of specimens sent in for identification, it was decided that a circulz 
covering the subject in a general way would be of practical interest. As 
several books and periodicals give details of the problems in cutting and 
polishing, this report will not duplicate their information more than 
necessary. 


ACKNOWLEDGMENT 


The manuscript for this circular was read by Oliver 3owles and Forres 
Moyer, Building Materials unit, Bureau of Mines, who supplied some of the 
illustrations; several photographs were taken by Howard Carl, Optical 
Section, Bureau of Mines. Equipment firms that contributed information 
and publishing houses whose books have been abstracted are mentioned in th 
text. | 


EXTENT OF THE STONE INDUSTRY 


Of the 1,766,120 tons (approximately 22,430,000 cubic feet) of dimen- 
sion stone, exclusive of slate, valued at $21,778,000, produced in the 
United States during 1938 as pbuilding stone and monumental stone, granite 
sold or used amounted to 3,059,950 cubic feet; marble, 1,045,680 cubic fee 
limestone, 5,077,950 cubic feet; and sandstone, 332,530 cubic feet (the 
average for all stones is 12.7 cubic feet to 1 short ton), according to 
Bureau of Mines Minerals Yearbook, 1939, which reviews operations in 1938, 
These quantities are somewhat lower than in 1937, as were those for slate, 
according to Oliver Bowles and M. Schauble's chapters "Stone" and "Slate". 
The finished slate millstock amounted to 3,575,220 square feet, equivalent 
approximately to 15,310 short tons and valued at $853,502. Millstock in- 
cludes clectrical slate, structural and sanitary slate, grave vaults and 
covers, blackboards and bulletin boards, billiards-table tops, and schoo! 
slates. 


The cutting and polishing of bullding stoncs and monumental stones - 
limestone, marble, sandstone, granite, basalt and related rocks, and rock: 
or special quality - constitute a national industry employing many men 
worxing in numerous well-equipped mills. 


i/ The Bureau of Minos will welcome reprinting of this report, provided 


the following footnote acknowledgment is used: "Reprinted from Burea 
of Mines Information Circular 7107." | 

2/ Assistant mining and metallurgical ongineor, Nonmetals Division, Burea' 
of Mines. 

3/ Principal mineralogist, Burcau of Mines. 
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CHARAGTERISTIC3 OF ROCKS AND STONSS 


Asnort section on the cnorracteristics of s2veral common rocks is 
fgercer at this pointe Rocks may be defined as the geologic formations 
crrard, NMeturally occurring substances formed of One or more varieties 
sitinrals im place in the earth, and stones as individual blocks or 
imgnents broken away from rock formations, naturally or by applied force. 


Limestone and Marble 


linstone is the general name for a sedimentary rock comnosed essen— 
aly of crLctium cerbonatee Marble is crystallized limestone, this 
cong? awins taken plase under pressure and heat. Limestone is used 
“1. als aed TOr structural purposes, and marble commonly is polished for 
liing end Gecornative uses Although variable, limestone h-s a gravity 
Txt ely 2.7 and a hardness of 3 and is uormally whitish to grayish, 
weries considerably in color. It is composed mainly of cnlcium car- 
nte, With ow orying quentities of msgnesium carbonete, and some clay, 
es ant ition oxides Waen the magnesium carbsuete content epproaches 
ba rock is teracd dolomite. 


ied 4 


Sandstone 


Sanistone is a sedimentary rock formed of cemented quartz sand. Al- 
iuugh very Variable, its gravity is approximately 2.6 and hardness 6; 
ct a devbemads on the degree of concentration, and the extreme is 7, 

rerdnes s Of the quartz grains. It is cut and used unpolished in 

enetsral WOrts, Some sandstones have high moisture content wnen first 
int “cdr ¢: eget & na may be cut with an ax or hend sav, but when 
ity beco me herd and resist weathering. sydncy, Australia, is built 
Ton rck of t hits tynee On the other hend, the stone used at Stanford 
“versity, C a 2ifornia, is so porous tact it woulda freeze to pieces in 
“ae Tsttnern _S tates, end the popular brown stone is ¢o nonporous that it 
“Ssitable £o¥ the climate of the Nortnern States. 


Slate 


ae As afinely granular, crystalline roc, generally derived fron 
eles “le beds that have been subjected to great pressure, that has 
a Cees Charecteristic nroperty of cleaving along smooth planes, 
is ‘ the rocz to be split easily. Slate may be cf several soloes: 
CSE Commo N beins dar Braye Althougn varieble, its sravity is ep- 


euler at ‘ _ 
ely 2.7 and nardne Je 
Basalt 
Pass “lt * s e e , 
23 tr-- eee end othar d=erk, basic, finely crystalline igneous rocks known 
“e940 a 3 “S Occur as lives, dixes, or sills. The lavas and dikes are 
Pan ee at 


l; - : : ‘ : : 
Case pecause the degree of crystallization is generally 
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different. SBasalts have a gravity of 2./5 to 2.99 and a hardness of 5 to 
6. Generally, they ere used unpolished, but some types are polished and 
used as memoriel or decorative stone. Some ancient statues of basalt have 
been cut and polished. : i 


Granite | 


Granite is a granular igneous rock composed mainly of quartz, feldspar’ 
and mica, which minerals may be identified easily on examination. The | 
gravity of granite is 2.5 to 3.30 and the hardness is approximately 7. 
Granite is used for all types of construction, including monuments— 
polished and unpolished. 


Quertz 


Quartz, which consists of silicon dioxide crystallized with more or 
less impurities, has a gravity of 2.6 and a hardness of 7. It is the 
most common and versatile mineral, and its varieties include agate, rock 
crystal, jasper, amethyst, and opal, to name a few formse 


Boulders 


Boulders, according to Bowles, are "rolling stones" and originally 
were masses Oi rocx lousened from the parent deposit by natural processes 
and moved long or short distances by glaciers, streams, or other natural 
forces. Thus they became rounded. Boulders often are used as they occur, 
in homes, clubhouses, and walls or farm fencese For the first two pur- 
poses, cobbles commonly are used, and may be classed as rubole or rough 
building stone; but in glaciated regions, in Victoria, Australia, and in 
other places, boulders of various granitoid rocks weighing several hundred 
pounds each sometimes are used. In New Zealand, where many country fences 
are built of lava, 5 to 10-ton granite boulders are transported coastwise 
On scows or bDargese These are sawed to size for construction purposese 
A peculiar feature of many boulders is that they do not belong to their 
present place of rest. In Central Park, New York City, which is underlain 
by gneiss or schist, are granitoid bouldere that have been moved by glacia 
action from northern Canada, 


CUITING ROCKS IN QUARRY 
Channeling end Wire-Sawing 


Quarrying limestone, marble, and sandstone by channeling, or slate, 
limestone, and marble vy wire-sawing may be considered a cutting operar 
tion because both methods give dimension stone a flat face for further 
dressings Channeling is a chopping action, whereas wire~-sawing is cutting 
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rasione Both methods have bean descrioed by Bowlest/ and by others, 
a ens are given heree Illustrations of limestone, marole, sand- 
sone, and slate (fig. 1) quarries generally show smooth walls and even- 
srtaced blocks of stone that are beings moved to the finishing mills. 
Sicn surfaces lessen the wors of suosequent cutting and polishing. 


" <7 


: ae 


Chenneling 


Limestonee~ The first step in the process of vlock removal of lime- 
ssone is Cnenneling. The channeling machine is mounted on a frame and 
‘revels back and forth on a track. Steel bars operating with a chopping 
action similar to that of a reciprocating drill cut a narrow channel in 
t.e roczte Some machines are driven by steam or compressed air, and some 
wy electricity. Channel cuts usually sre made about 4 feet apart and 
“to le feet deep. The duplex machine, which maxes a double cut, averages 
<0 to 300 square feet of channel per day, and the cost of cutting is 
3 to l2 cents per square foote Common sizes of mill blocks are 10 by 4 
oy 3 feet and 10 by ls by + feet. 


Marblee- Primary cuts generally are made with channeling machines. 
A Z°-vorite machine is the double-swivel channeler, which may be used for 
vertical, horizontal, and inclined cuts. Electric eir machines are in 
“xzon usee The rate of channeling varies greatly; recorded averages 
verge from 25 to 80 sauare feet per day for one machine. The quarry floor 
=ay be enlarged by inclining the channel wall cuts outward. This process 
-s krom as undercutting. 


Sandstone.e— Most of the sendstone produced is of the softer types, 
wich may be cut with channeling machines. As a rule, sandstones so hard 
=. taey maxe good paving: blocks are too hard to channel economically, 

a [rimary breaks must be made by blasting. 


the channeling process is much the same in sandstone as in limestone, 

except that the quartz greins wear the steel more repidly. Steel must 

ve changed frequently. Cuts are about 4 inches wide at the top but be- 

cone Larrower with depth because of loss of sage through wear. A stream 

of water carries away the sand cuttings. Chennel cuts are made parallel 

or = right angles to the major jointing systemse The large masses of 

snestune separated by joints or channel cuts mey be tree at the quar 

' Fowles, Oliver, The Technology of Marble Quarrying: Bureau of Mines Bull. 
106, 1916, pp. 53-71 (channeling); pp. 71-74 (wire-sawing): ppe 94-108 
laewine and nolishing)e: Sandstone Quarrying in the United States: 
Bureau of Mines Bull. 124, 1917, pp. 39=45 (channeling); ppe 68-75 
(sewing and finishing). The Technology of Slate: Bureau of Mines Bull. 
218, 1922, pp. 31-33 (chenneling); pn. 33 (wire-sawing); pp. 74-76 
(sawing and finishing). The Wire Saw as a Tool for Cutting Slate and 
Biillding Stone: Trans. Am. Inst. Min. and Met. Ene. vol. 129, 1935S, 
pp» 56-61. Dimension Stone! The Seeley W. ifudd Series, A.I.M.E., In- 
dustrial Minerals and Roc:cs, 1937, ppe 775, 720, 737 (channeling and 
Wire~sawing linestone, sandstone, marble, and soapstone) $ poe 77&777, 
(footnotes continued on folloving pege). 
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floor if bed seams are present. If not, a separation-is made by driving 
wedges in drill holes. The larger masses ere subdivided by wedging, 
supplemented eat times by light charges of black blasting powder. 


Soapstonee- A stripped quarry floor is channeled across the strike 
with steam or electric-air machines. After a center row of key blocks hea 
been removed, all other channeled masses are gener to their full depth. 
An avereze block is 4 by 4 by 6 fect. . 


Wire-Sawing 


Slatee— In Europe, the wire saw has been used for many years, but it 
was not operated extensively in the United States until 1928, when it was 
generally accepted by the Pennsylvania slete industry. The "saw" is a 
twisted, three-strand, steel cable of 1/4 or 3/16 inch diameter running a 
an endless belt (fig. 2). Sand fed upon the wire by water serves as the 
abrasive. The wire is driven by a motor and is carried into the quarry 
over several sheaves. It is kept taut by a tension device. Depth is ac- 
quired by two holes drilled into the rock by a 36-inch core drill. In 
these holes are placed stenderds down which the sheaves that carry the 
wire are lowered progressively. The method eliminates shattering and 
reduces waste, which is considerable by other methods. The wire saw cuts 
rapidly and requires little power or attention. It offers so many ad 
vanteges that one would expect to find it in much wider use than it is 
at presente 


Limestonee~ The high cost of channeling hes encouraged operators to 
experiment with more economicel methods, and wire saws h-ve been tested 
successfully in several limestone quarries. 


Marble.- Wire saws h-ve been trizd on marble at several places, and 
some degree of success has bcen attained in Arkansas, Tennessee, and 
Vermont. Tho wire cuts slowly and wears out more rapidly than in slate 
or limestone. 


781-782, 785-787, 737-788 (sawing and polishing limestone, 
sandstone, marble, and soapstone.) The Stone Industries: McGrar— 
Hill Book Co., New York City, 2d ede, 1939, ppe 46-53, 83-84, 205— 
210, 255-260, 293 (channel ne and some wire-sawing limestone, sand 
stone, marble, slate, and soapstone): ppe 55-58, 92-95, 218-219, 
274-276, 293 (sawing and finishing limestone, sandstone, narble, 
slate, aéanstone) 

Behre, C. He, Slate: Trans., Am Inst. Mine end Met. Eng. Industrial 
Minerals and Rocks, 1937, ppe 732-733 (channeling ond wire-sawing) 
pPpe 733-734 (sawing and nolishing). 

Bain, G. W., Mining Marble: Trans. Am. Inst. Min. and Met. Eng., vol 
129, 1933, ppe 101-105 (channeling and wire-saving). 
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Figure 2.~ Wire saw in operation. 
Note narrow and smooth cut. 


Original from 
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ASRASIVSS FCR SAVING, CUTTING, AND POLISHING 


Information on abrasives is scattered, but interested persons will 
Tini useful items in oublications of the Bureau of Mines! and Netional 
sureen of StandardsQ/ and in circulers of the firms listed in the former. 


sand 


Abrasive sand includes all natural sands used for abrasive and grind- 
ing purposes. They are composed of nard grains and, generally speaking, 
c¢entein a nigh nercentege of silica. They may be used for sawing stone, 
rTinding €less, end sa.dblasting, and as sandpaper. Those used for dif- 


Soreny curroses vary somewhat in character. Abrasives mede by crushing gar- 
nat ani emery are being superseded largely by artificial ebrasives. 


sand for saving stone preferably consists of uniform grains; fine 
wterlal is objectionearle. However, unsorted send is somctimss employed. 
arge mavble compar:’ used a cleen, washed river send with 5./ percent 
od GC mesh, 1°..9 ceresnt on 20 mesh, ©&3.8 rercent on 4S nash, 
3.6 percent on 100 ..esae The sand may be reused after washing to 
et ines. There are no uniform requirements reverding shepe cf 
.e sand should be dominantly quartze 


r3 ty 
Go 
HH, 


he requirements of the sand are not strict. fine grains end 

ware cbjectionablee One company employs sand all of which will pess 
meen and CO nercent of wnicn is retained on 150—-mesh. Sanding sand, 
ic usi:d for second or cemifinel grinding of rlate ficss, is con- 


clier-oly finer tasn that employed for the first grinding. It is used 
-258 tnan formerly, as it ons been repleced to a large extent by ertificial 


Metallic Abrasives 


These include crushed steel, steel shot, and angular steel grit. 
-.2 first is crushed to 2+ to 200=mesh. After screening, each batch is 
<estetreated and separated into 25 sizes ranging from 20—- to 200-mesh. 
Steel shot is made from hich-erade materials and blown into small globules 
tile rolten. It is graded into 15 sizes of 4 to 9Qmesh. Steel grit 
tro granileted material ccarser then mesh derived from the foreroing 
-“'Taiione Seven firms in the United St-tes make metellic ebrasives. 


.| Uchnson, B. L., and Schauble, M., Abrasive Materials: Bureau of Mines 
Minerals Yearbook, 1939, pp. leéch-1240. 


3 Actional Baureav of Standards, Artificial Abrasives and Abrasive Fro- 
Gicts: Letter Circ. 540, Dec. 21, 1938, 8 pp. 
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Artificial Abrasives 


Silicon carbide and alumimm oxide are made in electric furnaces 
by four firms and six firms, respectively, umer such brand names as 
Carborundum and Crystolon and as Aloxite and Alundum. Silicon carbide 
is extremely hard (up to 9-1/2) but brittle and alumimm oxide is almost 
as hard (9) and sharp, but much touzher. One firm mekes boron carbide, 
whose hardness is somewnat higher than that of silicon carbide, but we 
have no infurmation as to the extent to which it is used. 


Other Abrasives 


For polishing, several oxides ~ tin oxide, iron oxide, chromium 
oxide, magnesium oxide, manganese oxide, and lime ~ are used; also clay, 
talc, and whitine. 


PREPARATION OF STONES FOR MARKET 


This section of the circular has been compiled partly from the 
references (particularly those of Bowles) in the previous section, from 
recent personal observations, and from information supplies by the fol- 
lowing firms: American Saw & Tool Works, Chicago, Ille; R. C. Atkins 
& Coe, Indianapolis, Inde: The Carborundum Co., Niagara Falls, N.Y.; 
Lane Manufacturing Coe, Montpelier, Vt.; E. T. Lippert Saw Co., Pittsburg 
Pa.; Musto-Keenan Co., Los Angeles, Calif.; Norton Coe, Worcester, Mass.: 
The Oden Corooration, College Point, N.Y.; Patch-Wegner Co., Rutland, Vt. 
Je Ke Smit & Sons, Inc., New York City,: and Stanley Blectric Tool Div~ 
ision, New Britain, Conn. 


Equinnent Used 


Well~furnished finishing mills are equipped for drafting and pat-— 
tern-making, scebbling, sawing, planing, jointing, milling, turning, 
fluting, cutting, curving, packing, and shipping. Most limestone fabri- 
cated in mills in the quarry districts ig furnished on contract for 
specific jobs, and therefore each block or slab is cut for its particular 
place. Conseouently, the preparation of detailed shop drawings and 
patterns is an important preliminary step. A drawing of the block show- 
ing exact dimensions is consulted at each step in the manufacturing pro- 
cess, also in placing it in a building, a practice the authors have ob- 
served in several structures. 


Overhead traveling cranes with lifting capacity up to 50 tons 
handle blocks of stone expeditiously. Heavy powerful crenes are 
used for large blocks and lighter, more rapidly moving cranes for 
smaller pieces. It is general practice to use inch canves, balata, or 
rubber belt attached to the crane hook instead of chains or wire rope to 
prevent the chipping of finished edges and corners, which are commonly 
protected by excelsior or shredded wood. - 
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Figure 4.- Six-foot saw with diamond—impregnated teeth. 
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The term "scabblinc," used ebove, menns 2 process of trimninz blocks 
to a rectangular shape. Various methois of scabtling are employed. 
Limestone scabbling may be done by hend with a scaobling pick, with 
circular saws, wire sas, heavy iron disks provided with cuttin; tools, 
Ciamond=—toothed drag says, or scadoling pleners. The planers consist of 
massive blades, which scrape the surface. Such blades will remove 1/4 
to 1/2 inch of stone at each cut. Blocks for export trade or for shipment 
to distant milis are scabbled most carefully. Where blocks are fabri- 
cated into finished products in neareby mills, the scabbling step may 
ce omitted. 


A useful adjunct to a mill is 9» wire s2v. Several blocks of stone 
may be placed in line and sawed simultaneously. Send or crushed steel. 
is.used e3 abrasive. Stone sich as marble snould ve of uniform composi- 
tion to be adavtable to the wire sow. 


Cutting snd Finisning Limestone 


The first step 1s. to saw rough blocxs into slibs. Gang saws like 
those described later for granite are used senerelly. They operate 
wita a swinging motion, the blades lifting toward the end of the stroice 
and permitting the abrasive to wash under them. The abrasives used are 
soni, "chats" (cherty limestone rock obtained at the Missouri lead and 
zinc mills), and steel shot. Limestone saws much more rapidly than 
granite; the blades sink at an average rate of bout 6 inches an hour. 
4 straight blade with dianond teeth is used frequently for making single 


sutsSe 


Circular diamond saws are used generally for maxing subsequent cuts. 
Sommon sizes are 72 inches with 110 to 125 teeth, 50 inches with 84 
Giamond teeth, and 46 inches. Each sav is desizned for a stendard speed 
and should be run at no other. With care, a saw may be used for 6 months 
to a year without conditioning. The cuttin; edge must be cooled con~ 
stantly with a stream of vater. The saw trevels at arate of 3 to ld 
ancnes a minute, depending on the desth of tne cut. Recently, in the 
Phelps Stone Works, Washington, I. 0., the authors watched a fe-inch 
san at work. It is cnainedriven. and makes 2. smooth cut rapidly. This 
shop also has a *o-inch diamond sav. A 60-inch carborundum sew is also 
used, and the authors s-tched this «t work on limestone. (Figse 3 and 4 
photographed by Howard Carl of the Bureau 2f Mines.) 


A planer is a macnine.provided with a cutting tool having lateral 
and vertical adjustment. As the block of stone is carried veneatn it 
cna traveling bed or slaten a thin lawyer of stone is scraped from the 
surrace, (See fig. 6.) Both sides and tons of blocs may be planed to 
gesired dimensions. Moldings may ve cut by using tools of any prescribed 
pattern. Some planers are adjusted to cut curved forms. A carborundum 
Flaner eonsists of two silicon-cerbide saws with a drum of smaller 
diameter between them. They trim top and sides of the block with one 
=~tions 
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The O'Meara stone works in Blatimore was visited by one of the 
authors, and figures 5 and 6 are photograbths taxen there by Howard Carl, 
This large plant is 2 typical stono-working mill and is well~equipped 
with cutting (gang saws and diamond circular savs) and finishing (planing, 
polishing, and fluting machines) equipment, as well as with overhead 
cranes in each bay. There is rail connection. Limestone, marble, and 
granite are handled. Figure 5 shows a block of Indiana limestone about 
116 by 37 by 34 inches just cut into eight inch slabs by nine gang saws 
using steel shot. THis stone is cut at the rate of 8 inches per hour}; 
the rate in granite ls 3 inches. The shot is circulated, being picked 
up by a belt-and bucket elevator at the left side and fed to the saws 
from the rotary distributor avove. The blades are 12 feet long and have 
a 2~foot stroke. They are made from 8-inch steel 1/4 inch thick, and 
"teeth" are cut every 15 inches by means of an oxyacetylene torch. 
Figure 6 shows one of the slabs being planed. The tool is 8 inches wide 
and is making e finishing cut 1/16 inch deep. 


Building limestone is sold with various types of surface finish. 
A tooled surface has fine parallel grooves. A four-cut surface is made 
with a planer tool having four corrugations to the inch. A bush-~hammere: 
surface is rough and pitted. A shot-sawed or ripple surface is deeply 
scored by using steel-shot abrasive with gang saws. Chat-sawed surface 
ls somewhat smoother than shot-sawed. 


Slabs or blocks of limestone 1 to 2 inches thick and several feet 
square and other forms sometimes are smoothed with sand by being held 
‘atop a gear-driven, central-spindle, cast-iron table or rubbing bed 13 
feet in diameter rotating at 40 revolutions per minute as in the Phelps 
shope 


Cutting and Finishing Marble 


Gang saws like those used in limestone mills are in general use. 
Marble says slowly. In stone of moderate hardness the blades may sink 
at a rate of 1 inch to 2 inches an hour; in the harder, siliceous 
marbles they may sink not more than 3 or 4 inches during an entire 
shift. Some large marble mills are equipped with more then 4O gang 
sews. (Figs. 7, 8, and 9.) 


Circular saws ranging from 24 to 72 inches in diameter and fitted 
with silicon carbide teeth are said to cut as racicly as diamond savs 
and are more economical generally. A small~tooth saw is used for cut- 
ting soft marble. i 


Slabs or blocks may be squared and finished on rubbing beds like 
those mentioned. Irregular surfaces are rubbed by hand with abrasive 
bricks or with pieces of marble supplied with sand end water. 

"Gritting," a process that gives a smoother surfnce than rubbing, 


usually is accomplished with abrasive bricks attached to revolving 
buffer heads. The bricks may be of silicon carbide or elumimum oxide. 
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ritting produces. what is known as a "hone" finish and is generally 
cme in two stages with grits of different sizes. "Buffing," the pro- 
ses tnet gives a fine polish to the marble surface, is done with wet 


" tty ocvder" (commonly tin oxide) carried on 2 revolving felt buffer 
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RKecutting of blocks and slabs to specified shape may be done with 
circular diamond saws, perforated-steel saws employing steel shot as 
acrasive, or with a straight blade in a gang frame. Diamond saws are 
usei most widely... Moldings and cornices are cut with planers and with 
revolving forms of carborundum. | 


The wire saw is considered to be a useful and economical machine 
-cr stone or marble plants. The Wegner type required 5 to 5 horsepower, 
and the feed is automatic. All wire sheaves have double grooves, per= 
=ittins use of the second groove when one is worn. Sheave-wheel bear- 
S are provided with large grease cuos.e Marble blocis can be sawed 
a rate of 1 inch to b.inches per hoi and limestone up to 30 inches. 
sé saws ere built te cut blocks up to 7 feet in height and 18 feet 
lengtno. Tutricate cvts are handled easily. 
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Cutting and Finishing Slate © 


Slete for certain uses requires a high finish, according to Behre 
\cited). The relatively high cost of slate per unit is due largely to 
nis need for finishing before marketing. Blocks of siate are reduced 
29 sor'zeble sizes with iron circular saws 2 to 4 feet in diameter, 
2;3 inch in thickness, and revolving about 5 times per minute. No 
a -rasive is used. Later, large slabs are cut accurately to specified 
nimensions by rapidly rotating, thin, silicon carbide wheels. 


Henry Disston & Sons make an inserted—-tooth circular saw for 
attinsg slate. These are similar to saws used in a log mill but are 
nh heavier, the teeth having a kerf of about 3/4 inch. The teeth are 
sneciel steel, but many users desire a tooth tipped with borium, and 
firm has experimented with teetn tipped with carboloy or tungsten 
arbide, which is of almost diamond hardness. 
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In Anerican practice, blocks for structural use are finished with 
ane rs tnt have already been described. For finishing slabs for 


lacirccercs or for certain structural puryoses, the cleavage surface 
s srooth:i with sand on a rotating iron rubbing bed; Ly a mochanically 


Sc0 

‘ving abriuding head; or by hand honing. Slate may be drilled for 

crew holes and the pieces fitted together into such equipment as tubs, 
asins, and switchboards. 

After being sawed, the surfaces are finished on a planer whose bed 
revetg baci: and forth similarly to the saw bed. When one side is fin- 
ichei the block is turned over, and the opposite side is planed. If de- 


pe -~jll- 


Google 


Te Cs. 7107 


sired, a smoother surface is prepared on the rubbing bed, as is used in | 
marble end sandstone finishing. SBlacikvoirds and switchboards are smoothe 
further by means of a carborandum cloth belt, a buffer, or other machine, ' 


Cutting and Finishing Soapstone 


Soapstone is a term applied to dark gray to greenish talcose (10 
to SO percent talc) massive rocks. Milling processes are similar to | 
those for marble, according to Bowles (cited), Slab surfaces are smoothe 
on rubbing beds and are toneued and grooved with carborundum machines 
before being assembled as laundry tubs, sinks,- acid tanks, aquariums, 
and similar products. An important branch of the industry is the manu- 
facture of furnace blocks to line retorts. in paper mills. Soapstone is 
used extensively in building construction for wainscoting, sills, Caps, 
and spandrels. The harder varieties are used for floor tile and stair 
treads. 


The drum rubtere~ Figure 10 shows a "drum rubber." For marble, 
slate, soapstone, and limestone, the Norton Co. states that such grindln: 
wheels are rapidly replacing ruobing beds in reducing slabs to exact 
dimensions and for removing irregularities left by gang sawse These 
drum rubbers usuelly are of silicon carbide, with a vitrified bond. 


When coping marble, slete, soapstone, or limestone, heavy feeds 
and slow traversing cuts prevail ~ 6 inches deep and 60 feet per minute. 
Wheel peripheral spceds range from 5,000 to 7,500 surface feet per min- 
ute. The Norton wheels have steel centers and a rim of 1 to 3 inches of 
abrasive (usually silicon carbide) on the periphery. A copious supply 
of water is essentirl. 


For some surfacing, such a machine is suitable. Silicon carbide 
is used on the wheels, ditferent grain sizes and wheel speeds being en- 
ployed for roughing, semifinish, end noning. Machines commonly used ere 
Chicago Pneumatic Tool, Concrete Surfacing Mechinery, Ingersoll-Rand, a 
Roto Air Tool makee. 


Cutting and Finishing Sandstone 


Gang saws similar to those used in granite and limestone mills gen 
erally are employed. Gangs with 10 to 15 blades saw average sandstone 
blocks 5 to 7 feet in length at a rate of 3 to & inches per hour when 
sand is used as abrasive and 6 to 12 incnes when steel shot is usede 
Subsequent sawing of slabs may be done with silicon carbide circular 
saws or with blades mounted with diamond teeth and set in straight-cut 
gang frames. Diamond circular sews have not proved satisfactory for 
sawing sandstone, but those of silicon carbide are suitable, Wire saws 
are used in some places for jointing sandstone blockse 
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Figure 10.— A drum rubber polishing marble. (Courtesy Norton Co.) 
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Figure ||.— Gang saw cutting granite. (Patch-Wegner type.) 
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Moldings are cut with planers, usually of the reversible—head 
tyre tnat cut in both directions. For hard sandstones a stream of 
mater muct be directed onto the cutting edge to prevent "burning" of 
tore toole 


Cutting and Finishing Granite 


During recent years, sawing has become an esteblished process in 
ceranite mills. The genzg saw consists of a series of steel blades set 
in ravallel position in a frane that has a reciprocating motion. Spec~ 
ing of tne dlades determines the thickness of the slab or block. Blades 
that are cbout 1/2 inch thick and have notches about 1 foot apart on the 
sower e€dee are fed with steel-shot abrasives Garnet or carborundum also 
is uscde The cutting rate ranges from 4 to 9 inches per hour. 


are 11 shows a cea ae -fang saw cutting granite. The rate 


Fizur 
iecends on the number of blades and type of granite. The geng with direct 
cover aes and automatic pumo feed. is said to reduce considerably the 
cost cer saved foot. Figure % shows a battery o: Patcn-Wesner saws that 
nave 2 swins motion instead of a straight-cut or parallel motion. This 
tse is used on soft stone or merble and may have as many as 50 to 100 


e 
clades at one time. 


Circular saws 5 to le feet in diameter and provided with detachable 
n~tened=steel teeth also are employed in catting granite. The graiite 
tlocxs are mounted end to end on cars, and the spaces between are filled 
rithn claster to keep the steel shot in the cut es the saw passes from one 
tlocx to enother. The rate of travel ranges from 1-1/4 to 5 inches per 
=inute, ana the saws cut 25 to 100 square feet per hour. Sewing is costly, 
tat it conserves stone and, as cuts can be made in eny direction irrespect- 
ive of rift (line along which stone may split) or grain, the most at- 
tractive colors and patterns may be obtained. Also, the surfaces are so 
stoota tiet rubbing and polishing ere facilitated greatly. 


Mucn memorial and ornamental building granite is polished. Blocks 
Pass through several successive steges of manutacture before a polished 
surface is obtained. Sawed blocks or those smoothed with surfacing 
naccines are set in grouns witn their upper surfsces on an even plane. 
shey are boxed in and ell crecks filled with plester. A power-driven 
Tote-y head known as a scroll, consisting, 27% iron rings or segments, 
is cucplicd with steel shot end when guided over the surface wears it 
sn0ctne 751s process is known as ironing. The next step is to use a 
tigeter scroll with loose silicon carbide or emery as abrasive. Finer 
and finer srades are used in succession. This process is known as 
ererying. the final stage, kaown as buffing, consists in polishing the 
Surface with revolving p-ds of paner-mill felt supplied with "putty powder" 
“frecioitated tin oxidee Single blocits are now polisned in some mills 


titeut being set in plastere The abrasive = collected in a trough for 
Teise. Smell, air-driven, porteble polishers are used for narrow edges, 
and curved or irregular surfaces are meshed by hand. 
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Figure 12, sugplies by the Norton Co., shows a coping wheel of 
silicon carovide cutting a slab of potisned granite. Peripheral spceds 
range from 5,000 to 9,000 feet rer minute. 


Figure 13 shovs a porteble ¢rinder at work on the edge of a stone. 


Several mazes of machines for nolishing granite and other stones 
are eveailable, Briefly, they consist or a standard with a movable arn, 
on which are a motor and a vertical, hollow (for water) spindle that 
carries emery rings, scroll wneels, star neads, and felt buffers as the 
work proceeds. These nolishing adjuncts are moved by the operator, and 
the macnine has a reach of several feet. Figure 14 shows granite being 
polisned by a larse mnactiinee 


Cuttin: and Finishi oe eee Stones 


Besalt, gabbro, and other besic igneous roczs are used to some ex- 
tent for building znd mo-umental purposes. Tuffs, pumice, and other 
porous volcanic rocks are used sparingly as lightweig:nt building material 
Mica schists are ‘ised as abrasive stones, for lining kilns and furnaces, 
and also for building purposes. Diatomite, tripoli, end noumice are 
shaped into refractory or filter blocks. All of these rocis are sawed 
and cut by the methods described, according to hardness end purposes 


For cutting small stones and bricxs for srecial fitting on a con- 
struction job, portable circuler saws with benchn are made by the Norton 
Co. and othsr firms, just as portable wood saws are used at a building. 
Such oneretion is easier and = more accurate and rapid than hand work. 
Saw wheels commonly uced for cutting stones—granite, Limestone, martle, 
tile, vitrified Clay tile, and terra cottareare of silicon carbide, 6 t0 

16 inches in diameter and 3/22 to 1/8 inch in thickness, and run at nish 
speede 


One firm mexes tvo sizes of motor-driven stone sews for cutting lit 
stone, ashlar, sandstune, siete, marble, roofing tile, asbestos roofing, 
transite panels, and other rocklixe materinls. The 9- and 12-inch 
abrasive wheels travel at 2,500 and 2,100 revolutions per minute and lea 
a clean job. These saws will also cut metal if required. They weigh jl 
end 39 pounds complete. The m-terial to be cut is laid on a bench and 
the hand-held saw is pressed against it. 


EXAMIWATICN OF oe a SPECIMENS 
In the Bureau of Mines 
The Bureau of Mines receives many nieces of rock (sometimes speci- 
mens and somctimes renresent>tive soaplas) ror examination. <A cursory 
determination or simole test is made, dut it a rock reccived at the 


Eastern Expuriment Station, College Park, Md., is of perticular interest, 
it may be cut by sawinz and polished to obtain further information as to 
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Figure 13.—- A portable grinder at work. 
(Courtesy Norton Co.) 
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Figure 17.- Laps for grinding and polishing stones. That being used is 
a felt buff for finishing; the others are for grinding off the 
roughness after cutting. 


Figure 18,- Spodumene pegmatite in granite from Long Creek, near Kings Mountain, N. C.: A, In 
the rough; B, after grinding and polishing. 
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its make-un or constitution. Rocks of 1 pound or more, up to several 
wanired pounds, are handled by the equipment shown in figure 15. This 

-S in charge of the principal mineralogist end an assistant, L. F. Vanover. 
-<@ Uptical Section, which has a microscope, a spectroscone, X-ray appara- 
“us, and camera operated by Alton Gebriel, Morris Slavin, and Howard Carl, 
assets in identification of minerals when necessary e 


Large stones are cut with a band sawe This consists of 2 2l-root 
eudless' piece of steel, 1-1/4 inches wide and 1/16 inch or more thick 
*aitn travels around two 42-inch: wheels at about c,2eCO surface feet ver 
=nute; and the specimen to de cut, when firmly clamped down, is pressed 
s2inst the saw py means of a screw-feed table. No. 120 silicon carbide 
“sed to the eGze of the saw with 9 smell stream of water. About 1 
round of acrasi we per nour is used. The life of the dand varies ace 
“urding to the ‘type of rock being cut. 


~ 
ame & 
Wye 


If the rocie to be cut has rough sides, one side may be set in 
one plaster}; zd in order that the stream of corasive may flow directly 
to the sav¥, @ @knonnel is made on the rock with modeler's clay. The clay 


a1 slaster cary de removed easily, and the cut snecimen is washed for 
“Section, 


the proof of good cuttin, with a oand saw is a flet surface; a 
"7 Cat denot = s too much feed or pressure against the saw. Slabs of 
“‘eerite cut iz the National Museum are of even thickness, as would 
ig Magee Uneven. cutting involves unnecessary grinding on the 


- sre] StOmes are cut by a copper—diamond blade (figse 16 and 23). 
ws Weels Meagy last a day or several WECKS.s 


Ifthe tac es of the pieces cut ere to be polished, they are first 
eth YO. 120 silicon carbide and water on a steel lape This 
ae: TeQ.A res some skill in Holding the specimen dom and moving 
oe ‘6 imest the rotation of the lap and adding fresh abrasive. 
— SOOrk Ee smoothed off, and the piece is washed for inspectione 
oe ten gi Wen a smoother finish and made ready for polishing by grind- 
ial lap with Noe 600 silicon carbide. Much care must be taken 
oe ve SPecimen clear and otherwice prevent any of the coarser 
a et ‘Tom eSetting on the finishing lap and scratcning the stonee 
Melee ge OEY the piece is then polished on the felt lap with pre- 
4 a tim ©xide as an abrasive. figure 17 snows the finishing laps 
vote 1 & Shows a stone before and after grinding end polishinge 


In the Geological Survey 
eas, een types of work are involved in the preperation of rocks, 


4 
220024 C 


a] Ores for study in the Petrographic Laboratory of the 
20, § rig = Vey, Interior Building North, Washington, De. C., in charge 
dow 4 Ss 


lations SMNd Frank S- Reed, who g-ve the authors the following 
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Thin sections of rocks or minerals are used for exam- 
ination under the microscope by means of transmitted 
light. This preparation of thin sections in the labora- 
tory involves such diverse materials as igneous rocks and 
sedimentary rocks, including clays, shales, and noorly 
cemented sands, coal, and oil shales. Each requires some- 
whet different treatment, and no general rules for the pre~ 
paration of the more difficult materials ere possible. 
However, the methods for making thin sections of firm 
igneous and sedimentary rocks are fairly well standardized. 


Most commonly a small chip or a rock slice cut with 
a diamond saw is selected, and is ground flat on one 
side. The grinding is done on a revolving, soft-steel 
plate and with successively finer carborundum — 120 for 
Coarse, 1F for intermediate, and 600 for final grinding. 
The steel plates are direct-conmnected to a vertical 1.5» 
horsepower motor and run at a speed of 1,150 revolutions 
per minute. 


After fine grinding, but witnout polishing, the 
smooth side of the chip is cemented to a glass with care~ 
fully cooked Canada balsam. It is then ground on the 
opposite side with carborundum It is necessary to re= 
duce the film of rock to a thickness of about 0.03 milli- 
meter or about 1/1,000 inch. This operation requires 
skill to prevent breaking away of the film and to keep 
a uniform thickness over the entire area,alse judgment 
as to when the proper thickness has been attained by 
examining tne selection from time to time under the 
microscopee All quartz and feldspar should be gray 
under crossed nicols when the proper thickncss has been 
attained. With some types of material, a final grinding 
by hand on a glass plate with an optical grade of emery 
is advisable, but for most materials a skilled worker . 
Can complete the grinding on the steel lap. The advis- 
able size of a section depends on the texture of the rock, 
as a coarse-grained rock may require a large thin section, 
but a finished section about 3/4 inch square is a standard 
size. : 


When grinding is finished, the excess balsam around 
edges of the section is washed away with turpentine and 
a fine camel—-hair brush and then dried. The slide is 
placed on a mounting table and a coating of balsam (tubed) 
placed on the section. When it has been heated suffici- 
ently on the mounting table so thet the balsam is hard 
when cooled, a cover glass is cemented one Balsam should 
not be too hard but of such consistency that it can be 
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pressed in by the thumb nail. The surplus balsam around the 
cover glass is cut aevey witn hot ‘nives:, and the slide is then 
washed in alcohol and water. 


sections of oil shales and coal are difficult to make 
because they are so easily broken down vy neat and because 
extreme thinness is required to permit so dense a material to 
transmit light. 


. Clays, shales, and frinble rocks require special treat- 
ment — impregnation and hardening with dalsalm or bakelite 
cerore sectioning. 


Metallic minerals are polished hignly so tht thev can 
be studied by reflected lisht under a microscope. This re- 
quires a specimen about 3/4 inch square. After the prelimi- - 
nary grinding with coarse (120) and fine (600) carborundum 
the specimen is given its first polish on 5-inch cloth- 
covered lep, and for this. 000 alundum is used. It gives a 
rough polish, and final polishing is done on another lap 
covered with semson cloth (billiardseloth). Magnesium 
oxide is used for this polishing, which continues until pits 
and scratches are not visible under the microscope. It is 
also necessary thet the rard and soft minerals be polished 
equelly and that the nard minerals show a minimum of relief. 
Tais recuires extreme care in technique, and the method must 
be varied to suit each set of conditions. 


Some studies, especially those of the mineral relations 
in coarse-grained rocics, require that hand specimens, some as 
mich as a foot in diameter, ve polished. Smailer specimens 
are sewed with a circular diamond sav 5 inches in diameter, 
and the larger ones with a band saw. For this purpose a 
band saw similar to that of the Bureau of Mines is used, 
travelling et about 1,500 feet per minute. Carodorundum 120 
is fed against the saw blade, to:ether with water, drop by drop; 
more water tends to wasn the carbormdim aie, producing . 
waste and slow cutting. After being saved, the specimens 
are ground on steel lens using successively finer grades of 
carborundum, =s in making sections. The snecimen is finally 
polished on a lan covered with "Spanish felt" 1 inch thici, 
with tin oxide as the polishing medium. 


In the Bureen of Mines end Geological Survey, as well as in many pro- 
‘2ssional, college, and mine and metallurgical laboratories, thin sec~ 
ticns (0.02 to 0.04 millimeter in thickness, corresponding to 400 to 
¢) mesh) of rocks are prepared for microscoric determinition of the 
ccuctituent minerals. Petrographic analysis is suitable for trans- 
stent minerals and minerazraphic analysis for opaque minerals. Much 
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has been written on the two methods = Heaaw/ and Thiessenal of the Bureau 
of Mines and Shor ta/ of the Geological Survey, for instance. 


Short states that the metallographic microscope is the most valuable 
instrument for identifying opaque minerals and for studying their mutual 
relationships. | 


In the Nation se 


The Division of Mineralogy, National Museum, Washington, D. 0., re 
ceives many specimens for examination and for exhibit. Some of the 
latter class are of great size and value. The cutting and grinding 
laboratory is under the supervision of Bb. O. Reberholt and contains a 
regular band saw 11/4 inches wide on two 35-inch wheels that make 100 
revolutions per minute, as shown in figure 19. Noe 100 carborundum 
powder is used. Great care is taken to prevent an uneven cut, and 
in no cutting is the band forced into a specimen. End views of a slab 
or slice of a meteorite (90 percent or more iron and high.in nickel) 
or of a cut of log of petrified wood show straignt sawing. Figure 20. 
is a view of a cut, polished, and etched slab of a meteorite showing 
Widmanstatten figurese Mehl's interesting paper LO/, "Iron from Heaven," 
may be read with prorit in this connection. Some man-made iron alloys 
have similar markings. 


To the left in figure 19 1s a grinding end polishing machine for 
large cut pieces. Three cast-iron wheels of different diameters are 
attached, one at a time, and run at 150 revolutions per mimte. Three 
Sizes of abrasive are used. The grinding wheels in motion are moved 
across the stones by means of a loop handle. As this machine is used 
only for big stones, others are ground and polished with powders on 
laps rotating 150 to 300 times a minute. The large laps are 28 inches 
and the smaller ones 16 inches in diameter. 


Thin sections for microscopic examination also are made in this 
laboratory. 
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1/ Head, R. E., The Technique of Preparing Thin Sections of Rock: Bureau 
of Mines and Univ. of Utah Coop. Tech. Paper &, 1929, 29 pp. 

Head, Ro Ee, and Slavin, Me, A New Development in the Preparation of 
Briquetted Mineral Grains: Bureau of Mines and Univ. of. Utah Coop. 
Tech. Paper 10, 1930, 11 pn. 

8/ Thiessen, R., Sprunk, G. C., and O'Donnell, H. J., Preparation of Thix 
Sections of Coal: Bureau of Mines Inf. Circe (021, 1938, 8 pp. 

9/ Short, M. N., Microscopic Determination of the Ore Minerals: Geol. 
Surrey Bull. 825, 1931, 204 pp. Being revised and reprinted as Bull. 
914. | 

10/Mehl, Robert F., Iron from Heaven: Carnegie Mag., vole 11, January 
1938, 6 pp. 
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Figure 19.— Band saw and polishing machine in geological laboratory, United States National 


stone on feed table. 


the saw cut in 
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(Specimen in 


Figure 20.- Face of cut and etched meteorite showing Widmanstatten figures. 
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Reberholttd/has described this snop and gives some practical hints 
on Cutting and polisning. 


CUTTING AND POLISHING GEM STCiUES 


As there are good end recent textbookst2/ on gem cutting, this 
cert is confined meinly to the operations connected witn quartz minerals. 


Ball's annual reviewLa/ of éem stones in the United Stx2tes ls gen- 
erslly informative as to their production and handling. There is a con- 
tinuous demend for California kunzite and tourmaline and Nevada turquoise. 
In tne Pacific Northwest, particularly in Oregon, are many collectors 
and emateur Llapidaries who cut agate and other quartz minerals, and otners 
wo send their "finds" to professionali lapideries. Rose quartz, agatized 
weod, amazon stone, amethyst, and smoky quartz also are mined. | 


The 46 pages that comprise part III of Baxter's book, "The Art of 
sen-Stone Cutting," conteins practical information, beceuse the euthor 
instructor in art metal and jewelry in tne Woodrow Wilson High 
nool, Waskington, D. C. Clear photographs show semcutting shops, 
se-uns of grinding and polisning wheels, the mounting of scecimens, 
4 facet cutting, all with suiteble explanations of the onerations and 
trasives used. 
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Xraus and Slawson's chapter VII, of 43 pages, "OSutting and Polish- 
ing Gens," treets the subject somewhat more technically, especially 
2s to tyres of cuts, which are accurately siretched. Pictures of cutters 
at work add to the instructive value of the text. — 


il/ Keberholt, B. O., Preparation of Rocks and Minerals for Study and Ex- 
hiodition: Rocks end Minerrcls, vol. lu, Aoril 1955, ppe 53-55. ; 
le/ Howard, J. H., Handbook for the Amateur Lapidary: 1945, 150 pne, $2. 
(Cbtainable from the author, 504 Crescent Avenue, Greenville, S. C.) 
Dake, H. C., Fleener, F. L., and Wilson, B. H., Tne Quartz Family Min- 
erals - A handbook for the mineral collector. NcGraw-Hill Book Co., 
New York, 1938, 304 ppe, $2.50. 
Kraus, Be He, and Slavson, G. B., Gems and Gem Materials: McGraw- 
Eill Book Co., New Yoric, 3d ede, 1939, 237 poe, $3.50 
saxter, @. T.,-with Dace, H. O., Jevelry, Gem Cutting, and Metal- 
-crart: McGraw-Hill Book Go., New Yor, 1938, pp. 133-175, $2.50. 
(Prececing tne index are three pages listing dealers in gem-cutting 
end polisning equipment.) 
Kraus, Ee He, Hunt, W. F., and Ramsdell, L. S., Mineralogy: An Intro- 
duction to the Study of Minerals and Crystals: NecGrav-Hill Book Jo., 
New York, 1930, 033 pode | 
13/ Eall, Svdney H., Gem Stones: Bureau of Mines Minerals Yearboo!, 1939, 
PPe 1335-1395. 
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Equipment Used 


The sequence of overations in lapicary vor“ is sawing large rovz 
stones vith a fast-running sav or blede and abrasives, grinding cic 
an abrasive wheel, ssodins to remove srinding marks with a wood or iron 
disk on waich is aorasive naner or cloth, polisning with ebrasives on a 
metal lap, and Finis ning on 2 felt buff or lap. 


For cer-cutting, the Csroorunium Co. has a lapidary abrasive kit. 
This is inexve sive ($5.50 net, rlus post-zse) and includes two silicon 
carbide wneels and four sets of bushings, four silicon carbide cloth 
disks, five cons of silicon csrbide grain or grit of different sizes, 
and three cerns of silicon carbide. puffing powders. These items cover 
the requirements of the anatcur sem cutter from start to finish, ex- 
cepting the motor and spindle or.sneftings. 


For sefe operxtion and to nrrevent splashing, all disks end wheels 
should be shielded by sheet netel, whicn cevers half to two-thirds of 
the wheels. Also, such protection rreveits vaste of the abrasive 
medium. : 


Saws 


Diamond saw.e- If -. stone or fragment is too big or too irregular 
for shaping on a grinding wheel, it may ode sexed by a mad saw or by a 
diamond saw. The former may consist of a disk of 2O-sase steel running 
at 250 to 350 revolutions per minute througn a mixtvre of mad made up 
of Noe 120 silicon carbide, weter, and clay or ordinary flour. The 
stone is held firnly against the ravolving disk, and the shapes desired 
are cut. Fisure el snows a Felker Di-Met machine whose blade or wheel 
is diemond-inpregnoted. No claps or special mountings are needed, and 
@ rock mney te neid in the hand or sup-orted with modeling clay. Cutting 
is done quickly andi accurately. The blades are 6 and 8 inches in diameter 
and have a vertical rdjustment of 5-1/2 inches, and the guard prevents 
undue splatterins. Drein-holes Gisrose of the waste. The-treble hes a 
10-1/2 inch trevel. igure ©e snows 2 saw cuttings a piece of quartz 
and slate. 


For a variety of stones, J. K. Smit & Sons make G, 8, and 10-inch 
blades of the type shown in figure 23. The respective thickness of the 
cutting edge is 0.04, 0.05, and (.062 inch. The saws ere inpregnated 
with crushed bortz and are durable. Ori,-inally they were intended for 
cutting glazed tile and bricis, terra cotte, and other building materials, 
but they are satisfactory on fused silica, vetrified wood, marble, 
granite, limestone, semiprecious stones, and other stones. This type 
of blade (coprer) is run in the levoratory at College Park. It trevels 
at 1,/50 revolutions per mimite. Its life is 1 day to several weeks, 
depending on the hardness and quantity of the stones cute 


The diemond saw is also to be seen in gem-cutting establishments. 
Its metal and speed ere similer to those of the mud saw, but the disk 
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(Felker Di-Met type. 


Figure 21.— A compact rock-cutting machine. 


(Felker Dji-Met type.) 
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saw in act 


- A diamond 


igure 22. 
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Seas te notches to a deoth | of 1/32 inch at 1/16-inch snaces. 
Peviered (100-mesh) diamond vortz (industrial stones from 1/2 carat 


‘o 2 cxrats) is mixed with vaseline and applied to the notches with a 
tcothrick and then rubbed into them with the fingertips. The notches 


re then closed tight by means of a light peen hemner, also by holding 


h 


nerd steel roller agzinst the rotnting disk. Waern in operation, the 
sianond sem is kept luoricated by runaing the edge in e. mixture of eguol 
erts of kerosene. and motor oil. 


ae! fo 


ror Sach sess 2S agate and petrif ed’ wood (hardness 7) Carborundum-_ 
crand diamond blades ave reported to be used widely. ‘The blade consists 


of a high-cquelitr copper. disk impregnated eround the veriphery with a 
ccating of carefully gveded diamond chips. Like all diamond saws they 


"ast nave a plentiful supply of water end when worxed unier proper con- 
itions ere quite erficient. 
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Laos 


A lao is a piece of metal, wood, leather, or other material, usually 

in tre form 2. a disk vevolving rani cly on a verticel axis. It holds a 
vetted abrasive powder on its surface for cutting and polishing stones 
aii gens, which ere held on the surfecc by hand or pressure mechanically. 
sire 24 is a vertical section of a simple lap taken from "Norton 
cra oer for the Lepidary" (1939), end figure 17 shows the two cast- 
‘ron polishing laps’ end the felt finishing lap in the Tastern Experi- 
nent Sts.tion of the Bureau of Mines, College Park, Md. They travel at 

> revolutions per minute and are direct-—driven insteed of by belt. 
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e sketch (fig. 24) shows a len that cen be used in facet cutting or 
Or 
i. 
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or finisains larse flot surfaces. Cnly one master lap of cast iron is 
ireds The working surface is provided by a 1O-gage metal disk, which 


lly mounted ar removed, thus allowing a lapidary to have a separate 
)10r every grit size anc kind of abrasive used. 
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Laps nay be of iron, bronze, copoer, tin, pewter, lead, or any 
otner metals but in general, the sorter the gem stone, the softer should 
c¢ the metnl lap. Minerais heving. a herdness of 7 or less may be polished 
24 a sosced of 100 revolutions per minute, but 300 revolutions should be 
eee tor those of 6 or harder. The aurasive is made up with water 
mid or creamy paste. : 


&Krnunmper of polishing machines are availeble, some of them compacte 
spl, the firm of A. I. Buehler, Chicago, makes a vertical lan oc- 
mill space on a@ oencn, anid toe thrust-—ball-—besring motor runs 
© 578 to 1,150 revolutions per minute. A slow-speed polisher operstes 

at 250 revolutions and is direct-driven by & motor on one side. 
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parts Vinerals 


According to Dake, Fleeaer, and Wilson (cited), the modern method 
; Gitting end polishins quartz (hardness 7) into gem stones is essentially 
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similar to the technique applied to otner semiprecious stones of similar 
hardness. The anetcur method employs simole and inexnensive equipment; 
the industrial methods involve rather elaborate and costly machinery. 


Hardiness and Abrasives 


The hardness of gems ranges from 7 to 9, according to Tierecns.t! 
For example, the quartz group (amethyst, chalcedony, and crystal) is 7 
on tne hneraness scale; the beryl, garnet, tourmaline, and zircon grows 
(aquamarine and emerald, garnet, tourmaline, and zircons), around 7-1/2; 
topaz 8; and the corundum group (ruby and sapphire), 9. The diamond is 
10. This being so, an abrasive such as silicon carbide and alumimn 
oxide, which have a hardness of up to Jj-l/e, must be used for polteame 
gem stonese 


Grinding and Polisning 


Grinding wheels are necessary for shaping quartz gems in other 
than flst surfaces with no re-entrant angles. Laps may be used on 
flat surfaces and facets, and either laps or wheels for removing the 
rough surface of a specimen before sanding and polishing. Most of the 
wheels are silicon carbide, the nroduct of the electric furnace. Ordi- 
narily, they ore le inches in diameter and make 1,//75 revolutions per 
minute. A smell sorey of water should be eronlied to the circumference 
of the wheel to prevent dust end keep it cleran and cool. Twvo wheels 
are mounted = one of No. 100 grit for fast cutting end roughing out and 
one of No. 220 grit for finel sheping. 


Serding is - dry oper:tion employed to remove deep scratches and 
wheel marks on a stone. Silicon cerbide-charged cloth (so-called emery 
cloth) of Noe 220 grit is fastened over the side of 2@ 2 by 8S or 10-inch 
wooden disk, with a felt pnd to give a sort brse underneath the cloth. 
the wheel maxes 1,200 to 1,500 revolutions rer minutee Large stones nay 
be held agninst it by hand, and small stones ere cemented to the end of 
a wooden stick and held thus. Scratches should be removed =-s much as 
possible before polishing. 


As a rule, felt b-ffs are used to place tne finel high glossy polish 
on cabochon styles of quertz gems. Flst or rounded surfaces on stones 
cen be polished by felt buffs. A wheel may be 1 inch by 6 inches run at 
900 surface feet per minute. Artificial abrasives, tin oxide, tripoll, 
and other polishing powders rre us:de 


HOW THE CEI saSE oT AND POLISH JADE 


While in Chine durinz eo, Frank L. Fess was permitted to visit 
the shops of several jode cutters ond carvers. Although the working 


a the resalts vere 
14/ Juergens, He Paul, Gems; A Classificetion According to Color: Nation 
Jeweler, Ince, Chicrgo, 1939, 59 po. 
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Figure 25.— Students at work in jewelry and gem—cutting class at Woodrow 
Wilson High School, Washington, D. C. Students at left are grinding 
cabochons on silicon-carbide wheels. Those to right of sink are pol-— 


ishing the gem stones on felt wheels. Students grind their own gem 
stones and then fabricate the mountings from sterling silver, hard 
soldering (silver soldering) all joints. (Photograph courtesy of 


W. T. Baxter, instructor of class and author of Jewelry, Gem Cutting, 


and Metalcraft. ) 
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In one place, a block of jode 12 by 12 by 5 inches was being sawed. 
#23 saw corsisted of a length of 2Q-2e:ge zinc-coated iron wire fastened 
tc a Camooo bow 5 feet longs Spere wire was wrepped around one end of 
“Le bove Carborundum of about 60-mesh was fed into the wire in the cnt, 
wnich ves straisht, smooth, and narrow, equal to any cutting done by a 
necnanical band saw. 


In another shop, circular pieces of jade were being cut from slzbs 
sic as those made in the first shop visited. Each of the six machines 
-ci 2 bench in two parts; and on each half, three circuler pieces could 

it simultansously. The slabs were laid flat, and apiece of tin 

& inches wide was wrapped around an upright wooden spindle of the 
required. The tir. plate lacked 5/8 inch of completely Babee ae 
secsindle, and was ccmentea tnereto by a black gum, which was used a 
a cridse to stiffen the tin-plate cylinder. For bracelets, the eee 
r the jade vas cut out and a larger.cutter was used to form the ring. 
-1e@ snindles were mounted vertically end given a forward and backward 
=otion ty treedles conrected by a strep to a powor spindle. A youth 
rrzei the treadles for tiree saws, end evidently the work was strenuous. 
sixty-mesh carbdorundum was fed witn water. About 4 nours was required 
for a cut through a sled 5/8 inch thick. 


Cu 
7.t6 
36 


.,° a ay ree) 


‘ 
e8) 


ce (9 


i. 


In a third establishment, carving and polishing were under way. 
+2 savy small, tnin pieces of jade, a circulzr, dished disk of thin, 


scit ste2l, shaped lixe a cereal dish with a flat, broad rim, hung 
vertically with the edge toward the workman, was used. ky means of 
traedles 


and a stran wound around the snindle, the disk is run back- 
vard and Zorvard, The "work" or piece of jade is held egainst the sav, 
ad cartorundym end water do the cutting. To grind nieces to shape, 
ax €-inch theel with four spokes and a 3/4 by 3/4-inch rim is employed. 
st, also, is mounted on a horizontal spindle and is run by a strap and 
wreacles, carborundum being used. After grinding, the pieces are carved 
Ca l/eminch-diameter leather wheels. Polishing is effected by an 
<lTeous Clay and water on smell leather wheelse 


= 


ScuicOL ITiSTRUCTION IN CUTTING, FOLISHING, AWD MOUITING GEM STCISS 
In chrrge of the metal-working end gem—-cutting class of the 

toerow Wilson High School, Wasnington, D. C., is We Te Baxter, author 
cf one of the books listed in this circular. A class of 25 students 
(tove and eirls) of the tenth, eleventh, and twelfth grades has a 2- 

ar serioc of instruction ench week, there being a ale .ss of this reriod 
= dey. A spacious room is well-equipped with work benches, a 10-inch 
“ond saw, wonich runs in fvel oil, grinding and rolisnaing wheels 

Ttical laps), g2s jets for blow-piping, and otner accessories. (A 

oa Sar one silicon carbide and clay flour, and rminning at 400 
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Looine unset gems and gems sect in silver rings and brocches are to 
%. in finisned and unfinisned stoges of cutting and polishing. Stu- 
ere permitted to select from en album designs for mounting their 


ad semse Figure 25, supplied by Mr. Baxter, shows a class busily 
» as seen by the authors. 
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